The present investigation was undertaken to assess the genetic diversity of 48 flax germplasm using molecular and morphological markers. 90 SSR and 10 ISSR flax markers were employed for molecular diversity analysis. Out of these, 25 microsatellite markers were found to be polymorphic giving a total of 99 bands with an average of 3.96 bands per marker ranging from 2 to 12. The polymorphic information content (PIC) value of each SSR primer pair ranged from 0.21 to 0.88 with an average of 0.49 while, in case of ISSR primers, out of 10 primers, only 2 were found polymorphic producing a total of 20 bands with an average of 10 bands per marker ranging from 2 to 11. The polymorphic information content (PIC) value of ISSR primer pair ranged from 0.62 to 0.75 with an average of 0.68. Cluster analysis based on Jaccard's similarity coefficient using UPGMA grouped the 48 flax genotypes into two clusters and ranged from 0.56 to 0.97 with an average similarity index of 0.76. Whereas, in morphological divergence, 48 flax genotypes were grouped into five clusters using Tocher's method in Mahalanobis D 2 statistics. Cluster IV comprising most of the divergent genotypes. The genotypes in cluster III and cluster V exhibited high degree of genetic diversity. Cluster III reflected high cluster means for seed yield per plant, number of capsules per plant, number of primary branches per plant and number of secondary branches per plant. It was evident from both the diversity analysis that two introduced genotypes Neela and R-4158 were the most divergent genotypes followed by PKDL -43, RLC-137, KL-168 and R-4152.
Introduction
Flax (Linum usitatissimum L.), also called common flax or linseed, is an annual herb, which is the third largest natural fiber crop and one of the five major oil crops in the world (Deng et al., 2011) . Flax has been cultivated for several thousand years mainly for its seed oil and its high quality stem fibers. Flax is grown primarily as an oilseed crop used for food and feed as well as in bio-product applications such as linoleum flooring, paint and varnishes. Most oilseed flax varieties are rich in omega-3 (alpha linolenic acid, 55-57%) fatty acid which has been functionally associated with numerous positive health claims. Diversity analysis of flax is an important component for efficient management and utilization of its genetic resources, and for proper handling of the seed certification programs (Frankel, 1989) . Diversity analysis is an essential process for clear and sound identification of the genetic relatedness of the available genetic resources. It is also required for effective choice of parents for subsequent crossing and selection of the progenies. That is why breeders look for suitable descriptors or genetic markers. Molecular characterization of flax germplasm has been made using various molecular techniques to assess genetic diversity of cultivated flax and to examine evolutionary relationships of wild flax species (Cloutier et al., 2009; Everaert et al., 2001; Fu and Allaby, 2010 and Rajwade et al., 2010) .
Yield components are the primary objectives under study for crop improvement as because Grafius (1978) suggested that there may not be genes for yield per se but rather for the various components, the multiplicative interactions of which result in the artifact of yield. In any program aimed at genetic amelioration of yield, genetic diversity is the basic requirement. Effective hybridization program between genetically diverse parents will lead to considerable amount of heterotic response in F 1 hybrids and broad spectrum of variability in segregating generations. Mahalanobis's D 2 statistics is a powerful tool in quantifying the degree of variability at the genotype level. The utility of multivariate analysis have greatly been emphasized (Murty and Arunachalam, 1966) .
Present study is a step to select diverse genotypes for flax breeding programme, which can be directly used as a variety or as a parent in crossing programme to develop hybrids. The main objective of this study is to assess the genetic diversity of flax germplasm using DNA-based molecular markers and morphological markers. Rao (1952) . Contribution of individual characters towards divergence was estimated according to the method described by Singh and Choudhary (1985) . Grouping of variety into various clusters was done and average intra and inter cluster distance were estimated. Analysis of variance was performed to test the significance of difference among the genotypes for the characters studied, as suggested by Panse and Sukhatme (1957) . Genetic variability parameters were estimated by the method proposed by Johnson et al. (1955) .
Materials and methods
Genomic DNA Extraction: Genomic DNA was extracted from young leaves of the flax plants according to the modified CTAB method (Kang et al., 1998) . The concentrations and quality of the genomic DNA samples were estimated on spectrophotometer ND-2000 (Nanodrop, USA). Finally, all the genomic DNA samples were diluted to a final concentration of 40 ng/μl with TE buffer (10 mM Tris-HC1, pH 8.0; 1 m M EDTA) and stored at -20 0 C for further use.
PCR Amplification of SSR and ISSR Markers:
A total of 90 flax SSR primers and 10 ISSR primers covering all the chromosomes of flax were used in this study. Polymerase chain reaction for amplifications of DNA preparations were carried out in 20 µl for SSR and 25 µl volume for ISSR (Table 2, 3a and 3b). All PCR reactions were carried out in a Veriti Thermal Cycler (Applied Biosystems, USA). PCR products were separated using 5% PAGE, stained with ethidium bromide and photographed under UV light using Image Gel Doc Lab TM software Version 2.0.1 (Bio-Rad, USA).
Data Analysis:
The band profiles were scored only for distinct, reproducible bands as present (1) or absent (0) for each SSR and ISSR primer pair. Jaccard's similarity coefficient values were calculated and dendrogram based on similarity coefficient values were generated using unweighted pair-group method with arithmetic means (UPGMA) by the NTSYSpc 2.10e software (Rohlf, 2000) . The polymorphism information content (PIC) value of SSR and ISSR markers was calculated using the following formula by Anderson et al. (1993) .
where k is the total number of alleles (bands) detected for one SSR locus and P i is the frequency of the i th allele (band) in all the samples analyzed. Cluster Analysis: Cluster analysis was carried out based on the similarity index data derived from the SSR and ISSR markers which grouped the 48 genotypes into two major clusters (Figure 3 ). The Jaccard's similarity ranged from 0.56 to 0.97 with an average similarity index of 0.76 indicating that most of the varieties used in the present study were having common ancestors in their pedigree. The genotype Polf-22 showed the highest similarity with LCK-88068 (i.e. 0.965) while Neela showed the least similarity with R-4158 (i.e. 0.688). High level of similarity was also found among The highest genetic distances were mostly obtained from pairs of exotic and local collections, indicating their wide dissimilarity. Most of the clusters were not observed to contain all genotypes assembled from a particular collection area, indicating the absence of correspondence between the genotypes and their geographical origin. It was evident from the cluster (Figure 3 ) that two introduced genotypes (Neela and R-4158) were most distantly related to the remaining genotypes followed by PKDL-43, RLC-137, KL-168 and R-4152. This shows that range of genetic diversity was greatest among genotypes contained in these two major clusters and cross hybridising between them may increase genetic variation in the breeding population. Similar results were also reported in the diversity studies of maize inbred lines and perennial ryegrass (Roldan-Ruiz et al., 2001 ). (Table 5 ). Cluster IV was the biggest with 15 genotypes followed by cluster III and V with 9 genotypes each, cluster II contains 8 genotypes, while, the lowest entries were found in the cluster I contains 7 genotypes (Table 5 ). The average D 2 values ranged from 2.314 to 5.847. Intra cluster distances exhibited a range of 2.314 to 3.039 and inter cluster distance ranged from 2.977 to 5.847 (Table  6) . From the present investigation, it was clear that cluster IV comprising the most divergent cluster. Cluster III showed maximum inter cluster distance with cluster V. Therefore, it can be concluded that the genotypes present in these clusters can be utilized for successful hybridization programme.
Results and discussion
Contribution of each character towards genetic divergence has been estimated from the number of times that each character appeared in the first rank (Table 7) . It has been observed that 50 per cent flowering was highest contributor towards divergence followed by oil content, plant height, days to maturity, seed yield per plant and plant height. While, number of secondary branches per plant was the least contributor towards total divergence. Therefore, these characters should be given importance during hybridization and selection of segregating populations. Similar results were also obtained by Begum et al. (2007) and Tadesse et al. (2009) . Further, analysis of cluster means indicates diversity demonstrated by different clusters for a character. Based on the means, it is possible to know the character influencing divergence. The variation observed in cluster mean also points to the degree of variability (Verma, 1996 and Verma, 1999) . The cluster means from various characters are presented in (Table 7 (119.37), 1000 seed weight (7.06), whereas the cluster IV recorded highest mean values for days to 50 per cent flowering (61.13). The genotypes included in these clusters may be utilized in future breeding programme to enhance the yield and its components.
Multivariate analysis based on D 2 analysis and canonical varietal analysis has been considered as an important tool for quantifying genetic divergence in different crops (Rao, 1952) . This analysis also provides a measurement of relative contribution of different components on diversity both at intra and inter-cluster level (Murthy and Quadri, 1996) . The 48 germplasm of flax subjected to D 2 analysis for ten quantitative characters. Based on D 2 values five clusters were formed. Most of the genotypes derived from different crosses were grouped in a single cluster (cluster V), indicating the similarity for the character studied in parental material. On contrary, the genotypes having similar pedigree were grouped into different clusters. It clearly demonstrated the impact of selection in increasing the genetic diversity. These results are in conformity with the findings of Laxminarayana et al. (2004) . The intracluster distance ranged from 3.039 to 2.314. It indicated wide range of diversity in terms of genetic distance (D 2 value). Thus it was evident that considerable amount of genetic divergence was present in the material under study. Maximum inter-cluster distance was observed between cluster III and V (5.847) followed by cluster II and III (5.720) indicating maximum diversity between the genotypes of these clusters with respect to the traits considered. However, the lowest interaction distance was observed between cluster II and V (2.977) inferring the similarity for most of the characters among the genotypes of the respective clusters. Based on inter-cluster distance and cluster means, it can be revealed that genotypes of the cluster III and V could be selected for hybridization programmes as they are expected to produce high heterotic crosses. The most diverse clusters among all clusters were cluster IV. Results indicated that inter crossing of genotypes from different clusters showing superior mean performance may help in obtaining high yield. The genotypes from above different clusters may be utilized as parents in crossing programme to isolate desirable segregants for yield traits. Selection of parents need not be necessary based on geographical diversity, the genetic diversity may prove more sound base for the purpose.
Conclusion
In this study, we confirmed that SSR and ISSR markers, as a fast and simple technique, can detect enough polymorphism to differentiate flax germplasm and to understand their interrelationships. These markers can potentially be used in flax for germplasm identification, genetic diversity study, and particularly in genetic mapping and breeding for marker assisted selection. From both the diversity evaluation, it is advocated that the genotypes namely Neela, R-4158 followed by PKDL-43, RLC-137, KL-168 and R-4152 were identified as the most divergent genotypes for seed yield per plant. The cluster III , Gcwargi 1-2, R-4129) and cluster V (Kiran, Meera, was most diverse to each other. Hence, crossing between these clusters would help to accumulate favorable and desirable alleles for further improvement in seed yield and its component in flax.
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